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Preface 
The aim of the IIASA Modeling Health Care Systems Task is 
to build a National Health Care System model and apply it in 
collaboration with national research centers as an aid to Health 
Service planners. The modeling work is proceeding along the 
lines proposed in earlier papers. It involves the construction 
of linked submodels dealing with population, disease prevalence, 
resource need, resource supply, and resource allocation. 
This paper examines how a National Health Care System model 
can be applied to the planning of health services, and considers 
step-by-step all submodels involved in modeling resource require- 
ments. This computer model is designed for interactive use by 
the health manager in testing different alternatives within the 
health planning process. 
Recent related publications of the IIASA Modeling Health 
Care Systems Task are listed on the back pages of this Memorandum. 





In the process of national health care system model 
elaboration, the model for estimating resource requirements 
plays an important role. Resource needs are determined on the 
basis of estimates of population trends and morbidity rates, 
and a set of desired health care standards. For the creation 
of the morbidity estimation model, data from comprehensive 
studies carried out in the UK, Japan, and the USSR were used. 
The desired standards were taken from the practice of central 
planning now existing in the USSR. Using this model in an 
interactive regime, it is possible to test alternative planning 
strategies. Preliminary results of testing and running this 
model in various countries show that this computer model could 
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Aggregate Model f o r  Es t imat ing  Heal th  Care 
System Resource Requirements (AMER) 
INTRODUCTION 
A t  t h e  I n t e r n a t i o n a l  I n s t i t u t e  f o r  Applied Systems Analysis  
a  group of  s c i e n t i s t s  from d i f f e r e n t  c o u n t r i e s  i s  working on t h e  
development of a  n a t i o n a l  h e a l t h  c a r e  system (HCS) model f o r  
s imu la t ing  h e a l t h  c a r e  a c t i v i t i e s ,  f o r e c a s t i n g  i t s  development, 
and t e s t i n g  d i f f e r e n t  p o l i c y  o p t i o n s .  Such a  model i s  designed 
t o  he lp  t h e  n a t i o n a l  l e v e l  HCS d e c i s i o n  maker t o  cons ide r  d i f -  
f e r e n t  v e r s i o n s  of  p lanning d e c i s i o n s  and t o  choose t h e  b e s t  
a l t e r n a t i v e .  
This  paper i s  concerned wi th  t h e  e s t i m a t i o n  of HCS re sou rce  
requirements  based on a  c e n t r a l  p lanning approach. The main 
purpose of t h e  paper i s  t o  i n t roduce  an i n i t i a l  v e r s i o n  of  t h e  
Aggregate Model f o r  Es t imat ing  HCS Resource Requirements (AMER) 
developed a t  IIASA. This  model a l lows  p l anne r s  t o  exp lo re  t h e  
i m p l i c a t i o n s  f o r  r e sou rce  requirements  of t r e n d s  i.n a  number of 
r e l e v a n t  f a c t o r s .  
VARIABLES REPRESENTED I N  THE AMER MODEL 
I n  o r d e r  t o  e s t i m a t e  HCS resource  requirements  one must 
have s u f f i c i e n t  d a t a  t o  f o r e c a s t  t h e  p o p u l a t i o n ' s  age s t r u c t u r e ,  
t h e  morbidi ty  and m o r t a l i t y  r a t e s  it w i l l  be s u b j e c t  t o ,  and t h e  
s t anda rds  t h a t  w i l l  p r e v a i l  f o r  t h e  p rov i s ion  and use  of h e a l t h  
c a r e  r e sou rces ,  e .g .  average l e n g t h  of s t a y  i n  h o s p i t a l  and bed 
tu rnover  i n t e r v a l .  I n  r e a l  p r a c t i c e  t h e s e  d a t a  can be taken 
p a r t l y  from r o u t i n e  s t a t i s t i c s  and o t h e r  o f f i c i a l  m a t e r i a l .  
But t h e  most impor tan t  d a t a  a r e  taken from s p e c i a l  h e a l t h  su r -  
veys.  These sampling surveys ,  conducted i n  c o u n t r i e s  us ing  t h e  
c e n t r a l  p lanning approach,  have two purposes:  
- t h e  comprehensive, epidemiological  s tudy  of t h e  h e a l t h  
of t h e  popula t ion  ( inc lud ing  s c r e e n i n g ) ,  and 
- t h e  e s t i m a t i o n  o f  t h e  number and types  of h e a l t h  c a r e  
r e sou rces  used f o r  each c a s e ,  d i s e a s e ,  group of  d i s e a s e s ,  
and sample of t h e  popula t ion .  
With t h i s  medical  in format ion ,  d i f f e r e n t  means, r a t e s ,  r a t i o s ,  
and d i s t r i b u t i o n s  a r e  found which a r e  used f o r  e s t i m a t i n g  t h e  
h e a l t h  c a r e  r e sou rce  requirements  of  t h e  e n t i r e  popula t ion .  
P e r i o d i c a l  i n v e s t i g a t i o n s  such a s  t h e s e  he lp  d e c i s i o n  
makers t o  e s t i m a t e  t h e  t r e n d s  i n  popula t ion  s t r u c t u r e ,  h e a l t h ,  
and HCS resources consumed, which in turn allows them to fore- 
cast resource requirements by extrapolation. Japan, the UK, 
and the USSR are three countries where such health surveys have 
been conducted. In comparing the results of these surveys we 
have drawn three main conclusions. First, although there are 
differences in the causes of morbidity and mortality indices 
and structures, the aggregate rates are almost identical; 
second, trends over time in aggregate morbidity and mortality 
rates show similar patterns; and third, the ratio between ag- 
gregate mortality and morbidity rates (risk ratio) changes only 
slightly over time. 
However, such periodiral surveys are prohibitively costly 
and time consuming. Consequently, mathematical estimations of 
morbidity derived from mortality rates are extremely useful for 
the analysis of resource requirements in these countries. 
In the case of aggregate modeling, it is necessary to have 
only aggregate standards, such as: percent of patients hospi- 
talized, average length of stay in hospital, number of consul- 
tations per episode (not specified according to disease), bed 
turnover interval, bed occupancy rate, beds per inpatient doctor 
equivalent, and workload in the form of consultations per year 
(not specified according to medical specialty). These standards 
can be used for modeling HCS resource requirements. Taking into 
account that these standards are control variables, the decision 
maker can alter them to fit the real situation of his country. 
Finally, this aggregate model for estimating HCS resource 
requirements will help the decision maker not only to forecast 
trends in population structure and health indices, but also, 
by changing these control variables, to estimate resources 
required. With this model, the decision maker can quickly and 
efficiently test different planning alternatives and select the 
one most suitable for his purposes. 
Structure 
The model structure is presented in Figure 1. It consists 
of four main blocks: morbidity, population, standards, and 
output. Input data files are indicated here by double lines. 
How does the model work? First, we submit an hypothesis 
about the future evolution of fertility rates and death rates 
and with these we forecast the population age structure. 
Second, we forecast the morbidity rate by using a quantity 
which we term risk: the ratio of the "all-causes-death rate" 
to the general (all causes) morbidity rate, for given age/sex 
group strata of the population. We assume that, for a given 
stratum, risk remains constant over time; i.e. it is independent 
of the values of the death rate and the morbidity rate. 
. . 
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Third, we calculate hospital bed r e q u i r e m e n t s ,  taking into 
account the average length of stay and the percent of hospital- 
ization and bed occupancy. Bed requirements multiplied by the 
number of beds per inpatient doctor equivalent (standard), yields 
i n p a t i e n t  d o c t o r  e q u i v a l e n t  r e q u i r e m e n t s .  O u t p a t i e n t  d o c t o r  
e q u i v a l e n t  r e q u i r e m e n t s  are determined using data on estimated 
morbidity and two standards: workload and number of consulta- 
tions per episode. 
To define the relationships between needs (determined here 
in terms of general morbidity) and requirements in HCS resources, 
we use the normative approach [I]. The following types of re- 
sources are investigated: 
- total number of beds (excluding psychiatric care), 
- total number of inpatient doctor equivalents, and 
- total number of outpatient doctor equivalents. 
Initial Data 
In order to run the model we need the following data: 
- initial p r e v a l e n c e  r a t e  [ 2 ,  PREV(1) I * : number of 
cases afflicted with any type of disease during one 
calender year, given for initial year, specified by 
age per 1000 population; 
- initial a l l  c a u s e s  d e a t h  r a t e  [I, DEA(I)]: number of 
deaths from all causes during one calender year, given 
for the initial year, specified by age per 1000 popula- 
tion; 
- initial p o p u l a t i o n  age s t r u c t u r e  [8, POP(1)I: population 
specified by age per 1000 population, given for the ini- 
tial year; 
- initial f e r t i l i t y  r a t e  [12, BRTH(1) 1 : number of live 
births during one calender year, given for the initial 
year and specified by age per 1000 population; 
- d e a t h  r a t e  [4] and f e r t i l i t y  r a t e  [I 1 1  : the evolution 
of these rates represents the formalization of the 
hypothesis about future changes in the corresponding 
value. 
The data listed above are necessary for estimating general 
morbidity. To calculate the output of the model--HCS resource. 
*The notation in brackets refers to the number of the appropriate 
block in Figure 1 and the corresponding variable used in the 
computer program. 
requirements--the following standards of HCS activities are 
used: 
- average length of stay in hospital per inpatient, in 
days [18, ALS(I)]; 
- percent sick individuals hospitalized from a given age 
stratum [17, REC(1)I; 
- number of consultations per episode for sick individuals 
from a given age stratum [20, COEP(I)]; 
- outpatient doctor's workload: number of consultations 
per one outpatient doctor equivalent per calender year 
[22, WLI; 
- inpatient doctor's workload: number of beds per in- 
patient doctor equivalent [19, DPERB]; 
- BTI: bed turnover interval, in days. 
Morbiditv and Mortalitv 
As mentioned above, data about morbidity and its trends can, 
with a certain amount of difficulty, be taken from real compre- 
hensive studies, conducted periodically in some developed coun- 
tries. But since there are only slight variances among aggregate 
morbidity rates, aggregate mortality rates, and ratios between 
them (risk ratio) over time, it was decided to estimate aggregate 
morbidity data using mortality data and the risk ratio. Mortal- 
ity data can be obtained from official vital statistics and 
demographic forecasting models. 
Standards 
Although there exist several standards concerning specific 
diseases, specialties, departments, and establishments, in the 
case of the AMER model it is necessary to have aggregate stan- 
dards. We used several generally accepted ones, such as average 
length of stay in hospital, percent sick individuals hospitalized, 
bed occupancy rate, and bed turnover interval. These standards, 
published in official annual statistics on health, reflect the 
situation of the previous period. Therefore, before they can be 
used for estimating resource requirements they must be revised. 
In some countries there exist lists of "ideal standards", 
which are calculated during comprehensive health surveys and 
expert medical team estimations of each sample unit (case, dis- 
ease, etc.). It is clear that the quantitative level of these 
standards reflects the real situation of each country, but dif- 
fers greatly from country to country. For example, 20% of all 
sick individuals are hospitalized in the USSR, as compared to 
11% in the UK. 
Taking into consideration the interrelation of all subsystems 
within the health care system, during the modeling process it is 
necessary to incorporate the,substitution effect. For example, 
what happens to the average length of stay in hospital if the 
hospitalization rate is decreased? What effect does this have 
on the outpatient service? All of these substitution coeffi- 
cients do not exist in routine statistics and can be taken only 
from special studies. 
It is clear that these substitution rates differ not only 
between countries, but also between regions of the same country. 
They reflect the interrelationships between different subsystems 
of the same hierarchical level (horizontal substitution rates). 
Besides these horizontal substitution rates there also exist 
vertical substitution rates which reflect the vertical inter- 
relationships between different hierarchical levels. For 
example what would happen to the average length of stay in the 
district hospital if the central hospital began to admit the 
most serious patients from the whole region? 
In the AMER model, we used only horizontal substitution 
rates taken from special surveys. 
THE METHOD 
The formal description of the model is presented in this 
section. By definition, risks are calculated as follows:* 
DEA (I) 
RIsK(1) = PREV(I) 
The all causes death rate vector, DE(I)J, for time interval J, 
is determined by: 
where IDKO(I,J)) is a matrix with all positive values. Elements 
of this matrix are determined in accordance with the hypothesis. 
The standardized prevalence rate, PRE(I), for a given age 
stratum can now be calculated as: 
*Definitions of the model's variables are given in Appendix 1. 
**For reasons of simplification, the subscript J is omitted below 
from the values dependent on it. 
For a  g i v e n  a g e  s t r a t u m  t h e  a b s o l u t e  v a l u e  f o r  g e n e r a l  m o r b i d i t y  
is  : 
S I  ( I )  = PRE(1) p ( I )  , ( 4 )  
and t h e  r e s p e c t i v e  t o t a l  v a l u e  is: 
18 
SISUM = 1 S I ( 1 )  . 
1=1 
For  t o t a l  h o s p i t a l  bed r e q u i r e m e n t s  w e  have:  
l 8  SI (1) mc(1) ALS ( I )  BDSTO = 1 100 DPYR 1 1=1 
where 
365 A L S O  
DPYR = ALS(1) + BTI 
i s  t h e  number o f  days  p e r  y e a r  a  bed i s  o c c u p i e d ,  and A L S ( I ) ,  
BTI, and REC(1) a r e  t h e  v a r i a b l e s  d e f i n e d  above.  
The number o f  i n p a t i e n t  d o c t o r  e q u i v a l e n t s  now is :  
D R I N  = BSDTO DPERB 
where DPERB i s  t h e  workload d e f i n e d  above.  To c a l c u l a t e  o u t -  
p a t i e n t  d o c t o r  e q u i v a l e n t  r e q u i r e m e n t s  (DRSUT), t h e  s u b s t i t u t i o n  
e f f e c t  shou ld  be  t a k e n  i n t o  accoun t :  t h e  lower  t h e  p e r c e n t  of 
h o s p i t a l i z a t i o n  (REC(1))  and t h e  s h o r t e r  t h e  a v e r a g e  l e n g t h  o f  
s t a y  ( A L S ( I ) ) ,  t h e  g r e a t e r  t h e  number of  c o n s u l t a t i o n s  p e r  
e p i s o d e  (COEP(1)) .  A l i n e a r  approx imat ion  o f  t h i s  dependency 
can be  made: 
COEP(1) = cOEP@(I) - BETA ( R E C ( 1 )  - R E C @ ( I )  ) 
( 9 )  
- GAMMA (ALS(1) - A L S @ ( I ) )  , 
where COEP@(I) ,  REC@(I) ,  and AI,S@(I) c o n s t i t u t e  t h e  i n i t i a l  
v a l u e s  and COEP ( I )  , REC ( I )  , and ALS ( I )  t.he t r i a l  v a l u e s  o f  t h e  
c o r r e s p o n d i n g  c o n t r o l  v a r i a b l e s .  BETA and GAMMA a r e  t h e  c o n s t a n t  
r a t e s  o f  s u b s t i t u t i o n  f o r  p e r c e n t  h o s p i t a l i z a t i o n  and bed-days 
by o u t p a t i e n t  c o n s u l t a t i o n ,  r e s p e c t i v e l y .  Now 
l 8  S I ( I )  COEP(I )*  DRSUT = 1 WL 1=1 
I n  t h i s  s e c t i o n  p o p u l a t i o n  a g e  s t r u c t u r e ,  p ( I ) ,  i s  i m p l i e d  
a s  a  g i v e n  v e c t o r  f o r  e v e r y  magnitude o f  t i m e  i n d e x  J .  I n  t h e  
model,  v e c t o r  p ( 1 )  i s  a c t u a l l y  c a l c u l a t e d  f o r  e v e r y  J = 0,N i n  
a  s e p a r a t e  submodel,  which i s  d e s c r i b e d  i n  [ 2 ] .  
USING THE MODEL 
The AMER model h a s  been i n s t a l l e d  a t  IIASA on t h e  PDP-11/45 
computer .  The computer  program, w r i t t e n  i n  FORTRAN I V ,  i s  c a l l e d  
B0M.F. The f o l l o w i n g  f i l e s  a r e  used  a s  i n p u t s :  
ASTUK - p o p u l a t i o n  a g e  s t r u c t u r e  f i l e .  I t  c o n s i s t s  o f  
N + 1 b l o c k s ,  w i t h  18 r e a l  numbers e a c h .  The 
f i r s t  b l o c k  r e p r e s e n t s  t h e  i n i t i a l  p o p u l a t i o n  
age  s t r u c t u r e ,  and t h e  o t h e r s  r e p r e s e n t  t h e  
f o r e c a s t e d  p o p u l a t i o n  a g e  s t r u c t u r e .  
CHADE - ( N  + 1 )  x 18 number m a t r i x  r e p r e s e n t i n g  t h e  assumed 
e v o l u t i o n  o f  t h e  d e a t h  r a t e  v e c t o r  o v e r  t i m e .  
DEUK - 18 r e a l  number v e c t o r  r e p r e s e n t i n g  t h e  i n i t i a l  
d e a t h  r a t e .  
PRUK - 18 r e a l  number v e c t o r  r e p r e s e n t i n g  t h e  i n i t i a l  
p r e v a l e n c e  r a t e .  
CTL - a c t u a l l y  a  s c e n a r i o ,  i n  which t r i a l  v a l u e s  o f  
s t a n d a r d s  and o t h e r  p a r a m e t e r s  which t h e  u s e r  
p l a y s  w i t h  a r e  p r e s e n t e d .  The c o n t e n t s  and 
fo rmat  o f  t h e  f i l e  a r e  made u n d e r s t a n d a b l e  by 
F i g u r e  2 .  
*Due t o  a  l a c k  o f  d a t a  i n  t h e  r e c e n t  v e r s i o n  o f  t h e  model it was 
d e c i d e d  t o  set  ALS(1) = ALSI, R E C ( 1 )  = RECI, and COEPII) = COEPI, 
i . e .  t h e y  a r e  independen t  of  t h e  p a t i e n t ' s  age .  
MN - c o n s i s t s  o f  t h e  f o l l o w i n g  i n p u t  v a l u e s :  m ,  n ,  
k p r i ,  b e t a ,  and gamma. 
A sample p r i n t o u t  i s  shown i n  Appendix 4 .  The s t r u c t u r e  o f  t h e  
o u t p u t  f i l e  i s  s e l f - e x p l a n a t o r y .  
= f i l e  C ' r L  = 
: base : f u t u r e  y e a r s  / t r i a l  f u g u r e s  
: y e a r  : y e a r  5  : y s a r  1 3  : y e a r  1 5  : y e a r  2 2  : i d e s 1  
------------------.---------.---------.-------------------------------------- 
a v e r ~  l n g t h  s t a y  : 2 3 . 6  : 23.  : 22. : 2u.5 : 13.G : 19.d 
p r c n t g e  h s s t l s d  : 1 6 . 5 3  : 1 . 4  : i 6 . 1  : 5.C : 9 .5  : 9.5  
b d s / i n p  d o c  e q v t  1 2 1 . 8 1  I 21 .81  I 21 .01  1 2 1 . 8 1  I 2 1 . 8 1  1 7 . 3  
b e d t r n v r i n t r v  : 4 . 9 4  : 4.7 : 4.5 : 4.3 : 4 . 1  : 4.1; 
b e d ' s  c o s t / y r  : 3145.8 : 3 3 J 8 . 3  : 340fi.Q : 350W.O : 3 6 J 3 . 3  : 
c o s t / o t p t  d o c / y r  : 29408.0 : 38QfiQ.G : 31808.8 : 32EilG.8 : 33203.0 : 
c n s l t s / e p s d  : 3.5 : 
F i g u r e  2 .  C o n t e n t s  and fo rmat  o f  t h e  CTL f i l e .  
How does  one  o p e r a t e  t h e  AMER model? The f o l l o w i n g  sequence  
o f  u s e r - o r i e n t e d  i n s t r u c t i o n s  shou ld  b e  fo l lowed:  
1 .  P r e p a r e  a p o p u l a t i o n  a g e  s t r u c t u r e *  f i l e  u s i n g  t h e  
Wil lekens-Rogers  model, o r  a s i m i l a r  one [ 3 ]  g i v i n g  
f o r e c a s t s  o f  a p o p u l a t i o n  a g e  s t r u c t u r e .  S t o r e  t h e s e  
d a t a  i n  a f i l e  AST. ( A s  a n  example,  see f i l e  ASTUK 
i n  Appendix 3  .) 
2 .  P r e p a r e  a d e a t h  r a t e  e v o l u t i o n  c o e f f i c i e n t  f i l e  t h a t  
f o l l o w s  from t h e  adop ted  h y p o t h e s i s .  C a l l  t h i s  f i l e  
CHADE. ( A s  an example, see f i l e  CHADE i n  Appendix 3 . )  
3 .  P r e p a r e  t h e  i n i t i a l  d e a t h  r a t e  d a t a  and s t o r e  them 
i n  a f i l e  DE hav ing  t h e  fo rmat  of  t h e  f i l e  DEUK i n  
Appendix 3 .  
4 .  P r e p a r e  t h e  i n i t i a l  p r e v a l e n c e  r a t e  d a t a  and s t o r e  
them i n  a f i l e  PRE hav ing  t h e  f o r m a t  o f  t h e  f i l e  PRUK 
i n  Appendix 3 .  
*The p o p u l a t i o n  i s  grouped i n t o  f i v e - y e a r  a g e  g roup  s t r a t a ,  
i n  thousands .  
5.  A u x i l i a r y  v a r i a b l e s  m ,  n ,  k p r i ,  b e t a ,  and  gamma are 
t o  be c o l l e c t e d  i n  f i l e  MN. 
6 .  P u t  t r i a l  v a l u e s  of  t h e  p a r a m e t e r s  i n d i c a t e d  i n  F i g u r e  
2  i n t o  a f i l e  CONT o f  t h e  same f o r m a t  as f i l e  CTL. 
7. Run t h e  program B0M.F u s i n g  t h e  command: 
b i o 2  l = o t p r  2=cont  5 = a s t  7=de 8=pre  9=chad 1 2 = f i n i  14=mn 
8 .  R e s u l t s  o f  c a l c u l a t i o n s  are d i s p l a y e d  on t h e  s c r e e n  o f  
t h e  t e r m i n a l  i n  t h e  f o r m a t  shown i n  F i g u r e  3.  
11 l l i ~ ~ u ~ l ' - u u ' l P c ' r  LuNl4,7l<Y; 
y e a r  5 y e a r  5 y e a r  1s y e a t  1 5  y e a r  2i, ' i c e d l  
............................................................................... 
a v e r s  1n ; th  s t a y  : 23 .80  : 23.C; : 2 2 . C i i  : 2;.5;i : 1S.Sn : 1 7 . 3 2  : 
p r c n t g e  h s p t l s d  : 1 0 . 5 3  : 1 J . 4 ~  : 1 J . l C  : S.C.1 : 9 . 5 3  : 9 . 5 2  : 
b d s / i n p  d o c  e q v t  : 2 1 . 0 1  : 2 1 . 8 1  : 2 1 . 1  : 21.U1 : 21 .81  : 17.0U : 
b e d  t r n v r  i n t r v  : 4 . 9 4  : 4.7: : 2 . 5 3  : 4 . 3 2  : 4 . 1 ~  : 4 . i l S  : 
b e d  c o s t / y r  : 3145.00 : 3382.00 : 3496.gO : 350i!.,3 : 3680.W3 : 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
c n s l t s / e p s d  3 .53  3.59 : 3.77 : 3.96 : 4.16 : 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
b d s  r q r d ,  t o t a l  : 4Qa164 . :  343781. :  296344.  : 251917.  : 213307 .  : 
f n d s  r q r d ,  t o t a l  : 1964 .65  : 1 0 9 2 . 1 1  : 1676 .47  : 1564 .13  : 1 4 6 0 . 8 1  : 
d o c  e q v t s  r q r d  : 42366.  : 30817.  : 35229 .  : 32876.  : 30777 .  : 
F i g u r e  3. Format of d i s p l a y e d  r e s u l t s .  
H e r e ,  t h e  summary o f  i n p u t  f i l e  CTL i s  p l a c e d  above t h e  
l i n e  o f  stsrs and t h e  summary of  computa t ion  i s  p l a c e d  
below t h e  l i n e  of  stars.  I f  t h e  u s e r  needs  more o u t p u t  
i n f o r m a t i o n ,  F i l e  A s h o u l d  b e  d i s p l a y e d  (see F i g u r e  3 a ) .  
- . -~ - - - - ~- - -  ~ -~ ~ 
F'uh' tCAsT :FbflPtj1.hT I f ~ t d :  GELJI  V A l .  : It*P,!T .nOCTOW :DklTPAT.UOCTOH:ALL O0CtClR : H O S P I T A L  
P E R I O ~ )  : T O T A L  : r l i ! R R l O I T Y  : t g U l V d L E r l T S :  EO:I IVALENTS :EOUIVALENTS:  BEDS 
------- : -------- : --------- : ---------- : --L-------- : --------- : I------- 
[ y E A N S ) : ( I b  l eqa)  : T O l A L  : 1 0 T A L  : TOTAL : TOTAL : TOTAL 
................................................................................ 
~ n k t : ~ ~ T ! l ~ f l ~ l l ~ ~ ~ I ( l Y :  T.tNi:fc.~l.  : I ~ ~ P I . T . I ) O T . T [ l W : I ) U T P A T . D O I : T O P : A L I .  flOCTOW : H O S P I T A L  
P C d I u Q  : TDTAC : ? l O R L ~ l ~ l  1 Y : t a i  I V A L F N T S :  E O u I v A L t N T S  :EQUIVALENTS:  R E D S  
------.. : -------- : --------- : ---------- : ----------- ; --------- : -------- 
(YE;AK:; ) , :  (IN llil;!?!) : 4 h T k  : R A T E  R A T t  : HATE : HATE 
Figure  3a. Format of d i sp l ayed  r e s u l t s  
wi th  more ou tpu t  in format ion .  
More d e t a i l e d  o u t p u t  in format ion  i s  conta ined  i n  f i l e  
OTPR ( s e e  sample OTPR f i l e  i n  Appendix 4 ) .  The f i l e  
can be p r i n t e d  on a  l i n e - p r i n t e r  i f  needed by t h e  u s e r .  
9 .  Now, i f  t h e  u se r  would l i k e  t o  t r y  o t h e r  i n p u t  d a t a ,  
t h e  s t anda rd  program EDITOR should be c a l l e d  and t h e  
necessary  changes i n  f i l e  CONT should be made. Then 
t h e  procedure  i s  repea ted .  The user-model d i a logue  
procedure  scheme i s  shown i n  F igure  4 .  
I PREPARE I N P U T  F I L E S :  A S T ,  CHAD, DE,  P R E ,  CONT, MN I 
-q RUN THE PROGRAM B I O 2  1 
I PRINT FILES: a, c, otpr I 
END 
CALL ' E D I T O R '  AND CHANGE NECESSARY DATA I N  F I L E  'CONT'  
---- -- - - - - 
Figure  4 .  Dialogue scheme ' U S E R - A F E R ' .  
SUMMARY 
The AMER model will help the national level decision maker, 
working in an interactive regime, to test different policy 
options and to select the best among them. This model also 
makes it possible to forecast population structure changes and 
mortality and morbidity trends, which are very important to 
health care. 
Let us refer to the "best" mortality rate among those of 
the IIASA member countries as the "ideal" mortality rate. If 
we replace the actual mortality of some test country with this 
"ideal" mortality rate, we achieve some very interesting results 
related to health care resources (beds, staff, etc.) and finances. 
For the World Health Organization, this methodology may 
be used to help eliminate the differences in health statistics 
(definitions, methods of calculation, data processing, etc.), 
thus allowing for better comparison among countries and more 
accurate allocation of international resources. 
Although the AMER model is designed for forecasting aggre- 
gate health resources, in some cases this principle can be used 
for specific classes of disease with precise medical resources. 
Let us consider oncology. With the help of the population sub- 
model it is possible to estimate population trends. Cancer 
mortality statistics exist in many developed countries. Preva- 
lence rates can be estimated by means of periodic comprehensive 
studies, risk ratios (mortality/morbidity) , or the computer 
model for terminal degenerative diseases, also developed at 
IIASA [ 4 , 5 ] .  From the routine statistics we can obtain such 
data as hospitalization rates and average length of stay in 
hospital. All this makes it possible to estimate the require- 
ments for oncological beds, oncologists, etc. 
In the AMER model only some of the health care resources 
have been used so far. However, this model can be developed 
to describe the use of other resources--nurses, auxiliary 
personnel, facilities, and laboratories. All of these are 
control variables of multifactorial complexity and depend on 
many factors which can be measured quantitatively. 
It is clear that in order to build a model such as the 
AMER model it is necessary to have many kinds of medical data 
(routine, scientific, etc.). Some of the data may not exist, 
or it may be difficult to obtain (e.g. substitution rates). 
Thus the use of such a model will create new requirements for 
medical information and suggest medical policy issues. The 
development of models and information systems in health care 
are closely connected, interrelated, and they influence each 
other. 
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Appendix 1 
S p e c i f i c a t i o n  o f  V a r i a b l e s  
ALS(1) - Average l e n g t h  o f  s t a y  f o r  s i c k  i n d i v i d u a l s  from 
I - t h  a g e  s t r a t u m .  
BDS(1) - Number o f  beds  occup ied  by s i c k  i n d i v i d u a l s  from 
I - t h  a g e  s t r a t u m .  
BDSTO(J) - T o t a l  number o f  beds  a t  s t e p  J.  
BETA - C o h s t a n t  r a t e  o f  s u b s t i t u t i o n  o f  p e r c e n t  h o s p i t a l i z a -  
t i o n  by o u t p a t i e n t  c o n s u l t a t i o n .  
B T I  - Bed t u r n o v e r  i n t e r v a l .  
C O E P ( 1 )  - . N ~ e r  of  c o n s u l t a t i o n s  p e r  e p i s o d e  f o r  p a t i e n t  from 
I - t h  s t r a t u m .  
D E ~ ( I )  - A l l  c a u s e s  d e a t h  r a t e .  
DPERB - Number of  beds  p e r  i n p a t i e n t  d o c t o r  e q u i v a l e n t .  
DPYR - Number o f  days  p e r  y e a r  bed i s  occup ied .  
D R I N  - I n p a t i e n t  d o c t o r  e q u i v a l e n t s  r e q u i r e d .  
D R I N ( J )  - T o t a l  number o f  i n p a t i e n t  d o c t o r  e q u i v a l e n t s  a t  
s t e p  J. 
DROUT - O u t p a t i e n t  d o c t o r  e q u i v a l e n t s  r e q u i r e d .  
DRSUT(J) - T o t a l  number o f  o u t p a t i e n t  d o c t o r  e q u i v a l e n t s  a t  
s t e p  J.  
GAMMA - C o n s t a n t  r a t e  o f  s u b s t i t u t i o n  of  bed-days by o u t -  
p a t i e n t  c o n s u l t a t i o n .  
I - Age s t r a t u m  index .  
J - T i m e  i n d e x .  
M - Maximal f o r e c a s t i n g  t i m e  index .  
N - Number of a g e  g roups .  
PREV(1) - P r e v a l e n c e  r a t e .  
REC(1) - Percentage of hospitalized sick individuals from 
I-th age stratum. 
RISK(1) - Ratio of all causes death rate to general morbidity 
rate. 
SI (1) - Absolute number of sick individuals from I-th age 
stratum. 
SISUM - Total number of sick individuals. 
SISUM(J) - Total absolute prevalence at step J. 
WL - Number of consultations per one outpatient doctor 
equivalent per calender year. 
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36 format (80 ( ' - ' ) /  
-'forecast:population:',2x,'general',2x,@:inpat. 
-doctor:outpat.doctor:all doctor',lx, 
- 1 .  . @ ,lx,'hospital'/' period : total : morbidity', 
-lx,': equivalents: equivalents',lx,':@, 
-'equivalents:',3xf'beds' 
- / 7 ( ' - ' ) , '  : 'f8('-')t' : 
- g ( s - @  ) I  : utl@('-')t' : 'tll('-')f' : @f9('-'),' : ',8('-'1) 
37 format(3lx, 'summary of results',///) 
177 format ( ' #INPUT-OUTPUT SUMMARY# '/19x9 year B year 5 year 10 
- year 15 year 20 idea11/79('-')/ 
-'averg lngth stay :',6(£8.2,' : I , ) / /  
-'prcntge hsptlsd :',6(fg.2,' : I , ) / /  
-'bds/inp doc eqvt :',6(£8.2@' : I , ) / /  
-'bed trnvr intrv :'t6(f8.2n' : I , ) / /  
-'cnslts/otp doc/yr :',6(£8.O,' : I , ) / /  
-'bed cost/yr : ',S(f8.2,' : ',)/28xt41('*')/ 
- 'cnslts/epsd :',f8.2,8 *',4(£8.2,' :')/29('*')/ 
-'bds r ~ r d ,  total :'n5(£9sflt': ' , ) / /  
-'fnds rqrd, total :@e5(f8.2t' : I , ) / /  
-'doc eqvts rqrd :',5(£8.0,' : I , ) )  
360 format(' (years) : (in 1000) : ',3x,'total 
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Examples of Input F i l e s  
F i l e  ASTUK 
F i l e  CHADE 

Appendix 4 
F i l e  OTPR 
FORECASJING FOR PER100 O YEARS. 
- - -  
-  - . . - . -  - . -. - - - - . - - - -- - 
A @ -  - PDPULAf ink - GENERAL -- - - -  A "  -3 1 8 -  _ -  NUM8ER -- --- OF ??8IOD68 
S T R A T U M  F ~ R C A S T E O  M O R B I D I T Y  PEN CAPITA, ?#I V S A R  
( V A R S I  ( I N  1BBB) - -  ( I N  1BBBI  --- - - -- - -- -- -- -  - 
. - -  
PORECISTING FOR PERIOD 5 ~FAT----- -  - -  - - -  - - - 
~ ~. -. . .- ....- 
ACE POPIILAT I ON GENE R I L  DEATH R A T E  R18~---- NWWER OF i~!bOOLl 
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Appendix 5 
Results of Experiments 
(With Comments to Some Examples of 
Interactive Work with the AMER Computer Model) 
Considering the real socio-economic situation, specifically 
that of health care organization, the health manager is able to 
test different alternatives during interactive work with the 
AMER model. 
The control variables are presented in the input file in 
Table Al. By altering these control variables, it is possible 
to forecast the final health care resource requirements. At the 
same time population-, morbidity-, and mortality trends can be 
forecast. 
Table A1 
c F I L E  C T L  ' 
: R A S E  : kUTURE Y E A R S  / T R I A L  FUGURES t 
: Y F A R  : Y E A R  5 : Y E A R  10 : Y E A R  15 I Y E 4 R  20 : IDEAL 
In the output file presented in Table A2, the average length 
of stay is decreased from 23.8 to 19.6 days over time, with all 
other variables remaining constant. Such a situation is possible 
if the majority of inpatients undergo laboratory tests in out- 
patient health centers before admission to the hospital. Taking 
into account the interrelationship between inpatient and out- 
patient services, an increase in the workload of outpatient 
establishments would occur in such a situation. 
Table A2 
alblPclT-[111TP1jT S ~ ) * l t l A i 4 V #  
Y E h q  M YEAH 5 YEAR I @  YEAR I S  Y E A R  ?a IGEAL 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
AVEaG LvGTh SI.IY : 2 3 . 8 ~ 4  : p2 ,OD : 21,bQ : 2R.Uk4 : 13.62I : 19.Ma : 
n g S / I i . ~  G O C  Env r  : 21.81 : 1 . 1  : 21.81 8 21.01 1 21.51 : 17,go I 
eeo c o s r ~ r n  I 31a5.ao : 3 3 ~ ~ , 0 n  : 3 4 n o . n ~  : 3 5 a o . g ~  : 3 b ~ o . o n  I 
* * * t t * * l * * * L * * t * * * * * * * * * * * * * * * * * * r t * * * 1 t *  
C k 5 C  IS/EPSO I 3.5% * 3,b9 : 3.61 t 3.69 : 3.11 : 
t * * l l * * * * * * L * * t C * * * t * L * * k * * * b  
30s  d ! ~ z C ,  TUTAI.  : 4 :  3 :  339511.: 315147.: 309997,: 
FNDS R O W D ,  TOTAL : 1964.65 : ldbS.74 : 1859.91 : 1838,40 : 1878.23 : 
DOC EcvTS R O R D  : nzjh6. : 39482, : 38327, : 37431. : 37312, 1 
n s  SI?IULATION RESULTS: I N  AYSOLUTE NUHGERS # #  
. . .  . . 
................................................................................ 
F O ~ ! E . C J . S T  :POPLI(. b 1 low: Gf.NElJAl.  : T N P A T , I ) ~ ~ C T ~ R : O U T P A T , O [ I C T D H : A L L  IIOCTOR : HOSPITAL 
j : rrrrrl l. : M l ! 2 i 3 I D I T Y  : E ~ ~ J I V A L . E F I T S :  EQUIVALENTS :EOUIVALEMTS; BEIIS 
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PI 4998U.3 4R263112.@ 10347.7 24V18.3 42366,U 4~3C3163~5 
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In order to investigate the influence of hospitalization 
changes on the health care resources, one can change the value 
of percent hospitalized in the model while keeping all other 
control variables constant over time, as in Table A3. This 
would reflect, for example, the case when the decision maker 
would have non-serious patients remain at home under outpatient 
center supervision and hospitalize only serious patients. It 
is clear that this would influence, for example, the average 
length of stay in hospital. 
Table A3 
#INPUT-OUTPUT s u r M r P Y a  
YEA!+ C! Y t 4 H  5 YEAR 1 8  YEAR 1 5  Y E A R  20 I D E A L  
-----------------------------------.------------------------------------------- 
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In Table A4, the decision maker is testing the influence 
of decrease in bed turnover interval (or functionally related 
bed occupancy rate) on the final health care system resource 
requirements. Comparison of these rates among different coun- 
tries, or among different regions of the same country, shows 
that there are many possibilities in this direction. 
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h o s p i t a l i z e d  i s  d e c r e a s e d  f rom 1 0 . 5 3  t o  9 . 5 0 ,  t h e n  t h e  a v e r a g e  
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The  d e c i s i o n  m a k e r ,  t o g e t h e r  w i t h  h e a l t h  care s y s t e m  e x p e r t s ,  
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a c h i e v e  t h e s e  r e s u l t s .  
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